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ABSTRACT

R and Q mode factor analyses were performed on a comprehensive
sedimentologic data set for the Charlotte Harbor estuarine system in
order to define the depositional environments and their distribution.
Three sedimentologic units were defined from 215 stations using the
following variables: % gravel, % sand, % silt, % clay, mean grainsize,
sorting, skewness, kurtosis, % inorganic carbon, % organic nitrogen, and
% phosphate.

The three sedimentologic units or end members which accounted for
99% of the Q mode variance are: a sandy mud-fluvial/upper estuarine unit,
a slightly muddy/shelley, estuarine/lagoon unit, and a sandy shell hash,
inlet/channel unit. Sub-units within the inlet/channel unit are: a
sandy tidal delta sub-unit, a shelley muddy channel sub-unit, and a shell
dominated channel sub-unit. A sandy Tagoon sub-unit was recognized from
the estuarine/lagoon unit.

Four factors derived from the R mode analysis acccunted for 83% of
the total variance (R mode). ~Factor 1 has high loadings on parameters of
fine grained deposition (silt, clay, organic C/N, sand {-), and sorting)
and is interpreted as modeling the low velocity residual currents derived
from estuarine mixing and tidal exchange. Factor 2 has high loadings on
parameters of coarse grained deposition and is enhanced in the vicinity
of the tidal inlets. This factor is interpreted &s modeling the high
velocity tidal currents that are accelerated by ccnstriction in the
inlets. Factor 3 with high Toadings on skewness and kutosis does not
present sufficient information to attribute to a specific process but may
reflect wave activity along shorelines and shoals, biclogic (vs.
hydraulic) deposition of mollusc shells, or apericedic storm/high energy
events. Factor 4 has a high loading on only one variable, % phosphate,
and thus reflects only the distribution of that variable. The phosphate
concentration is high in the upper harbor and Peace River and in the
tidal channels of the lower harbor.

Comparison of mid-1960's data with early 1980's data shows similar
depositional units with an increased area of fine grained "fluvial"
deposition, although these changes cannot be isolated from variation due
to differences in variigles measured and sample density. Deposition
rates calculated from = C dates {( 6 cm/100 years) are too low to permit
discrimination of depositicnal alterations over the 20 years between old
and new data.
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INTRODUCTION
Goals and Objectives

The primary goal of this project is to define and delineate the
sedimentary environments and depositional processes of the Charlotte
Harbor estuarine system. This goal will be achieved by re-analyzing and
synthesizing data from other studies thaf had more specific objectives
(Huang, 1966; Grace, 1977; Pierce et al; 1982, Hine and Evans, 19863
Estevez, 1986). The methods and coﬁclusions of those studies are briefly
reviewed and the data incorporated as eppropriate. The rationale for
assembling and synthesizing the sedimentologic data of Charlotte Harbor
Ties in the utility of that data for interpreting and temporally
integrating biological and physical processes. Because of the disjunct
and independent nature of the previous studies, the value of those

investigations and the resulting data have never been realized.

fhe specific objectives of this study are:
1) to assemble and summarize relevant data and
previous studies,
2) to re-analyze the comprehensive data set of Huang
(1966) to define and delineate the sedimentary environments and

controlling depositional processes,

3) to integrate newer, more limited data sets with

the old, comprehensive data of Huang (1966) to assess recent alterations,
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4) present the sedimentologic data and resulting
environmental interpretations in an understandable format for resource

managers and planners with non-geologic backgrounds.
STUDY AREA
Climate

The climate of southwestern Florida is humid and subtropical with
Tong, wet summers (75% of 127 cm annuél average precipitation June to
Oétober) and relatively drier, cooler winters. Temperatures average 34.4
C with maximums of 30.5 C {January) and 38.0 C (July-August) at Punta
Gorda (Estevez, in prep.). Prevailing winds are from the northeast
during the winter and late spring (November-March) and from the south to
southeast during the remainder of the year. Hurricares and tropical
storms are common from June to November with a 50% probability in any
year (Ho and .Tracey, 1975). Five direct and 24 indirect hurricanes have

affected the area since 1900 (Estevez, 1986).

Physiography and Bathymetry
The Charlotte Harbor estuarine system occupies an area of 725 km2 on
the southwest coast of peninsular Florida (Figure 1). The Harbor is a
compiex estuary composed of two lagoons (Pine Island and Gasparilla
Sounds), the estuary proper (Charlotte Harbor), an intra-estuarine lagoon

(Matlacha Pass) and the tidal portions of the three tributary rivers
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Figure 1. Study area and location map, Charlotte Harbor estuarine system,

southwest Florida.
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(Myakka, Peace and Caloosahatchee; Figure 1). The average depth of the
system is approximately 2.3 m, however the depth of each component

varies (Figure 2). Huang and Goodell (1967) have divided the system into
4 bathymetric zones: 1) The broad shallow Harbor with deep narrow
channels, 2) .Shallow lagoons with extensive sand/seagrass flats from 0-2
m. 3) Slopes adjacent to the primary to the primary tidal channels with
depths between 2-4 m, and 4) Tidal channels with depths greater than 4 m
(to a maximum of 17 m in Boca Grande Pass; Figure 2).

The combined drainage basins of the Myakka/Peace Rivers and numerous
coastal creeks occupy an area of about 8500 km2 (Figure 3). The basin of
the Caloosahatchee River (excluding Lake Okeechobee and its tributaries)
covers approximately 3300 km2 (Figure 3). Topographic elevations within
the collective basins are low, averaging 5.om in Sarasota County, G.9m in
Charlotte County, 2.1m in Lee County, and 17.1m in DeSoto County

(Estevez, in prep.).
Hydrology

Discharges of the tributary rivers correlate closely with rainfall,
with the highest flows duking the rainy season in late summer and early
fall. High flow conditions produce vertical stratification in the
estuaries with saline bottom waters reaching 8-15 km upstream (Taylor,
1974, Stoker, 1985). Average discharge of the Myakka River is 7.2m3/sec
and includes several periods of no-flow during each year. Two dams on
the river affect flow during annual drought conditions and probably
contribute to the number of no-flow occurrences (Stoker, 1985). The

maximum recorded discharge is 246 m3/sec with flows greater than 85
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m3/sec accounting for 1% of occurences (Estevez, in prep.). Average
discharge of the Peace River is 327 m3/sec with recorded ranges of 1.1 to
1030 m3/sec. A dam on Shell Creek, a large tributary of the Peace River
may affect discharge of the Towermost portions of the River (Stoker,
1985). The Caloosahatchee River is controlled by a series of locks and
gates designed to minimize flooding of Lake Okeechobee. Average
discharge of the Caloosahatchee is 40.8 m3/sec and ranges from 0.04 to
606 m3/sec (Estevez, in prep.).

The estuarine system is separated from the Gulf of Mexico by a

series of barrier islands (Gasparilla, Cayo Costa, North Captiva, Captiva

and Sanibel; north to south, respectively, Figure 1). Tidal exchange

occurs at the intervening inlets (Gasparilla, Boca Grande, Captiva,
Redfish and San Carlos Passes, north to south respectively: Figure 1).
Primary tidal exchange occurs at Boca Grande and San Carlos Passes with
the other inlets having only localized hydraulic exchange (Huang, 1966).

The tides are mixed diurnal/semi-diurnal with a variable range which
averages 56 cm at Boca Grande to 79 cm at San Carlos Pass (NOAA, 1985).
Maximum flood‘tide at San Carlos precedes that at Boca Grande by about 15
minutes, which combined with freshwater discharge and wind stress creates
a pattern of residual currents throughout the estuarine system,

Tidal currents at the inlets are variable with flood dominated
velocities at Boca Grande (120/98 cm/sec; flood/ebb) and San Carlos
(54/48 cm/sec; flood/ebb; Coast and Geodetic Survey, Chart #856-C).
Captiva Pass, which is located between Cayo Costa and North Captiva
Islands, hés a flood velocity of 98 cm/éec and an ebb velocity of 102
cm/sec (CGS Chart #856-C). It is not known if the ebb dominated

asymmetry of Captiva Pass can be extrapolated to Gasparilla and Redfish
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Passes. Ongoing work by the U.S. Geological Survey (Tampa Sub-district)
on the hydrography of the estuarine system should provide answers to

these questions.
Regional Geology

The stratigraphic nomenclature used to describe the geologic units
of Florida is in a state of flux (T. Scott, pers. comm.). Consequently,
the names and ages of most of the Neogene and Quaternary units are also
changing. Howevef, for the purpose of this discussion, it is the
sedimentologic composition of the surficial deposits in the source area
that are of primary significancé. The surficial deposits of the combined
drainage basins are a mixed assemblage of limestones, dolomites, quartz
sands and clays that are all of post-Eocene age (Brooks, 1981).

The quartz sands which constitute most of the sedimentologic
substrate of the basin are Appaiachian in origin and réf]ect multiple
periods of depos{tion and transport (Huang, 1966; Brooks, 1981). The
numerous reworkings of the quartz sands have resulted in a generally
homogeneous texture and composition. Unstable heavy minerals have been
chemically or physically destroyed and the quartz is present as fine to
very fine sand (Huang, 1966). The carbonates {(1imestone and dolomite)
are biogenic and generally represent in situ deposition with complex
diagenetic histories. Erosion and transport of the carbonates is
limited due to Tithification.

Inorganic clay minerals {primarily montmori11on1£e, kaolinite and

palygorskite) are present throughout the basin (Brooks, 1981). The clays
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are present as areally 11m1ted, cohesive beds and disseminated, accessory
components. Primary phosphorite (as carbonate-fluoro-apatite) is |
disseminated throughout the Neogene units and constitutes up to 15% of
the total sediment in some deposits. Fluvially reworked phosphate
deposits occur as silt to pebble sized clasts which are present in most
Charlotte Harbor samples in 1-2% concentrations and up to 9% in some
samples (Huang, 1966). The phosphorite is mined and processed in Polk,
Hillsborough, Hardee, and Manatee Counties directly in or adjacent to the
Charlotte Harbor tributaries.

Figure 3 is a portion of the geologic map of Florida (redrawn from
Brooks, 1981). The combined drainage basins contain the following
surficia} units (from oldest to youngest).

1} Hawthorn Group (Miocene age)

Mh5- Interlachen facies; quartz sand and quartzite
gravel with kaolinite clay beds.

Mhd- Groveland Park facies; deeply weathered clay
sand and granular sand with kaolinitic clay, white to
pale orange with thick paleo-soil (orange/red).
Mh3- Statenville type; sand, silty sand to clay,
oyster bars common, mixed
montmorillonite/palygorskite clays.

Mh2- Brooks Sink type; impure dolomite, clay and
sand.

M1- Labelle formation (previously called lower
Tamiami fm.) clastics and impure limestone,
variable phosphorite concentrations, gray to green

to tan matrix.
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2) Bone valley formation (Pbv; Pliocene age)— sand, clayey fine
sand with montmorillonite clays and phosphorite clasts in a greenish
matrix.

3) Tamiami formation (Ptl; Pliocene age)- impure clayey to sandy to
marly limestone with phosphorite grains, soft to medium hard, tan to gray
matrix.

4) Unnamed (Pu; Pliocene age)- undifferentiated quartz sand (fine
to very fine) with humate zones, heavy mineral zones and gravel lenses.

5) Unnamed (PQr/PQp; Plic-Pleistocene age)- deeply weathered coarse
to fine sand with some clay lenses of beach/dune origin (PQr) and
shelley, silty gray to greenish gray sand of lagoonal origin (PQp).

6) Caloosahatchee formation (Qc; early Pleistocene age)- calcareous
shelley sand, unconsolidated to indurated.

7) Fort Thompson formation (Qft/Qftg; mid to late Pleistocene)

.she11ey Chione sand with multiple hard sandy limestone caps and caliche

crusts,
8) Unnamed (Qh; Holocene age)- undifferentiated quartz sand, shell,

peat, and clay.
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PREVIQUS RESEARCH

A comprehensive mineralogic and textural analysis of the sediments
of the Charlotte Harbor system was conducted by Huang (1966) and
published as Huang and Goodell (1967). Huang (1966) collected and
analyzed 215 surface sediment samples (Figure 4) for textural parameters
(% gravel-sand-silt-clay, mean grain size, standard deviation, skewness
and kurtosis)) and mineralogic parameters (clay minerals, % phosphate,
calcite-aragonite-dolomite, and organic nitrogen/carbon). The results of
those analyses were statistically evaluated with a multi-variate
non-linear regression technique (trend surface analysis).

Most of this present study is based upon a re-analysis of the data
collected by Huang (1966) and a comparison of that data with more recent
studies. The conclusions reached by Huang indicate the general

relationships between depositional texture/composition, sedimentary

provenance, and hydraulic energy. Specifically, Huang concluded that:

1) The sediments have two primary components, quartz sand
and biogenic carbonates.,

2) Only minor variations in deposition and erosion had
occurred in the previous 100 years. |

3) The distribution of composition and texture reflects the
physicochemical/biological conditions of the system and the
controls on distribution are provenance, transportation,
depositional environment and to a lesser extent, diagenesis.

4) The mineralogical constituents reflect the availability

11
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f 13 ,'.4 -3
- O aE BN Gh W W

3 ) . y s X A

-l e

and propoftions of the parent rocks in the source area.

5) Two main tidal circulations occur at Boca Grande and San

Carlos Passes with coarser deposits in channel areas and fine
deposits in the rivers and harbor head.

6) Mineralogical and textural distributions have predictable

channel, slope and sand flat characteristics.

Grace (1977) collected 15, 65cm-long sediment cores from the
lowermost Myakka and Peace Rivers. The goal of his study was to quantify
the sedimentology of the two systems with respect to the effects of
phosphate mining and processing on the Peace River estuary. The
parameters used were: acid-soluble iron and phosphorus (total, sand and
pan fractions), location, mean phi size, standard deviation, %
sand-clay-pan, kurtosis, skewness, % organics, insoluble residue, and
salinity/specific conductance (bottom water).

Grace concluded that the rivers are hydrologically similar such that
sedimentologic variation would reflect the effects of mining and clay
waste effluents on the Peace River. The results are as follows:

1) Mean grain size of Peace River sediments are

significantly finer than those of the Myakka River.

2) Phosphorus concentrations are significantly higher in

Peace vs. Myakka River sediments.

3) .Peace River phosphorus is in the ‘pan' fraction and thus

finer than the 'sand' fraction phosphorus in the Myakka

River.

4) The iron-phosphorus ratio of the Myakka River agrees with

general estuarine ratios and the Peace River ratios do not.
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A1l of these results indicate that the Peace River estuary contains
significant quantities of fine grained muds with high phosphorus
concentrations similar to those associated with clay waste effluent of
mining opérations. However, fine.grained, phosphate-rich sediments also
outcrop naturally in the drainage basins. The lower concentrations in
the Myakka River estuary might be an artifact of two dams and increased

mud deposition in the Upper and Lower Myakka Lakes. In either case,

-these differences should be considered in subsequent sedimentological

analyses.

Pierce, et al (1982) collected 60 surficial sediment samples and. 4
cores (3m length; Figure 5) as part of a study desigred to assess the
hydrocarbons in the Charlotte Harbor system, Most of their report
details the nature of the hydrocarbons in sediments and fauna. Although
they present grain size data, % organic carbon and summary statistics for
the samples, the sedimentological data is otherwise unanalyzed.

Estevez (1986) has studied the infaunal macroinvertebrates of the
Charlotte Harbor system, including basic sedimentology at 21 intertidal
and subtidal stations. The objectives of the study were:

1) To provide a listing of infaunal macroinvertebrates from

soft bottom environments.

2) To assess the suitability of varicus sampling methods.

3) Identify spatial and seasonal trends in infaunal

distributions relative to tidal current patterns, salinity,

sediment type or other environmental parameters.

14
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It is important to note that sampling was restricted to soft, unvegetated
bottoms and consequently does not attempt to quantify all of the bottom
environments in the Harbor.

Estevez (1986) found that faunal distributions genera]ly
corresponded with salinity and dissolved oxygen gradients. He divided

the estuarine system into geographic zones and examined faunal

_assemblages with respect to those zones and environmental parameters.

The molluscan, crustacean and polychaete assemblages were analyzed and
comparedbseparately. Only the molluscan assemb]ages showed a clustering
between stations that coincided with the geographic zones. The sediments
were generally moderately sorted fine sands with medium sands near the
inlets. The spatial distribution of species showed no distinct
assemblages, rather the various communities are combinations of a broadly
dispersed fauna.

Hine and Evans (1986) collected 41 vibracores (82 to 736 cm in
length) from throughout the estuarine system (Figure 5). Ten of the
cores were subsampled for the following parameters: grain size

13C (PDB standard), and

distributions, % CaCO3, % organic carbon, d
mineralogy (X-ray diffraction). A1l of the cores were described relative
to: color (GSA rock color chart), bedding/structure, bioturbation,
macrofossils and visually estimated gravel-sand-mud. The specific
objectives of this study were:

1) To define, from vertical profile the sedimentological

facies of the harbor system.

2) To derive environmental and paleo-environmental

interpretations for the defined facies.

16
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3) To provide stratigraphic control for delineating the

Quaternary infilling history of the Harbor system.

The report (Hine and Evans, 1986) contains no conclusions or analyses but
does contain all of the data including detailed core logs. The data from
those cores will be presented and analyzed with respect to the surface

sedimentologic samples in order to provide a 3-dimensional interpretation

of the depositional facies.
METHODS

This study is based upon sedimentologic data from a number of
existing research projects. The specific techniques utilized in the
different studies to obtain the same parameters are slightly different,
but usually comparable. In order to make the varicus data sources
comparable and the results of this study interpretable to non-geologists,
this section will contain a brief summary of tﬁe sedimentologic
parameters and their utility in environmental analyses. These summaries
will be followed by the statistical methodologies used to analyze the

data.
Grain Size Distributions

A grain size distribution is the relative frequency of different
size classes of a sediment sample, which is usually presented in a
statistical or graphical format (Figure 6). There are four main reasons

for doing grain size analyses (B]att,.et al; 1980): 1) Grain size is a
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descriptive measure of the sediment which requires some precision in
measurement. 2) The distribution of size classes may be characteristic
of sediments deposited in certain environments. 3) The study of grain
size distributions may lead to basic interpretations of the physical
mechanisms acting during transport and deposition. 4) Grain size may be
related to other properties such as permeability that can be predicted
from grain size data. A1l of the samples used in this study were
analyzed using procedures described by Folk (1980).

The samples were wet-sieved through a 0.063 mm sieve to separate the
sand-mud fractions. The sand/gravel fraction was dried and sieved |
through nested screens at 1 phi intervals (phi size = -1ogz[diameter in
mm]). The mud fraction was homogenized in 1000ml cylinders and
subsampled at various depths and time intervals to obtain the % silt-clay
based upon predicted settling velocities (Folk, 1980).

The results of the grain size analyses are initially recorded as
weight % in each size class. Interpretation of the raw data requires
graphic plotting as frequency or cumulative % vs. phi size (Figure 7),
and/or derivation of summary statistics eg. mean grain size, sorting
(standard deviation), skewness, and kurtosis. Mean grain size and
standard deviation (sorting) are in phi sizes in which larger numbers
indicate finer grain size, and are self-explanatory with respect to the
size-frequency distribution. Skewness is a measure of the asymmetry of
the distribution and kurtosis is a measure of the peakedness of the
distribution. Table 1 summarizes the phi scale and representative values

of sorting, skewness and kurtosis.



Table 1. Representative values of grain size séa]es, sorting, skewness
and kurtosis (from Folk, 1980).

GRAIN SIZE SCALES

Millimeters Phi Wentworth Size Class
4.0 2.0 pebble
2.0 -1.0 granuie
1.00 0.0 very coarse sand
0.50 1.0 coarse sand
0.25 2.0 medium sand
0.125 3.0 fine sand
0.0625 4.0 very fine sand
0.0310 5.0 coarse silt
0.0039 8.0 very fine to medium silt
0.0020 9.0 clay

REPRESENTATIVE STANDARD

0.35
0.35 - 0.50
0.50 - 0.71

1-1.0
. 0
0

0.7
1.0 - 2.
2.0 - 4.
4.0

DEVIATION/SORTING VALUES (PHI SCALE)

very well sorted

well sorted

moderately well sorted
moderately sorted
poorly sorted

very poorly sorted
extremely poorly sorted

REPRESENTATIVE SKEWNESS VALUES (NON-DIMENSIONAL)

-3.0 to -1.0
-1.0 to -0.10
-0.1 to +0.10
+0.10 to +0.30
+0.30 to +1.0

strongly coarse skewed
course skewed

near symmetrical

fine skewed

strongly fine skewed

REPRESENTATIVE KURTOSIS VALUES (NON-DIMENSIONAL)

0.67
0.67 - 0.90
0.90 - 1.11
1.17 - 1.50
1.50 - 3.00
3.00

very platykurtic
platykurtic
mesokurtic
leptokurtic

very leptokurtic
extremely Teptokurtic

20
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Sediment Composition

In addition to the paraﬁeters describing the size distribution of a
sediment sample, various compositional attributes of the sample must be
quantified in order to assess the depositional environment. The
compositional variables used in this study includes: % organic carbon, %
CaC03, % organic nitrogen, % phosphate, and relative percentages of
various clay minerals.

Pierce, et al (1982) and Estevez (in prep.) measured total organic
carbon (T0C) by combusting pre-weighed, oven-dried samples at 550°C
for 1 hour. TOC was calculated by subtraction of combusted weight from
the total weight. Huang (1966) measured TOC and % organic nitrogen in a
"Coleman" CHN analyzer which combusts the total sample, and
chromatographically separates and measures the constituent gases. Hine
and Evans (1986) fo]]owéd the procedure of Sackett and Thompson (1963).
Acid-leached, oven-dried samples are combusted in a flow-through system

in the presence of oxygen and the derived CO, is manometrically measured.

2
The derived CO2 was then analyzed in a "Finnegan MAT 250" mass
spectrometer to determiﬁe the d'3¢ ratio (PDB-standard).

The % phosphate was measured two different ways by Huang (1966) and
Gréce (1977). Grace used several physical and chemical pre-treatments to
transform sedimentary carbonate fluoro-apatite into ortho-phosphate for
colorimetric analysis. Specifically, samples were dried, ground anrd

digested in HC1 and HF acids. Analyses were conducted on the sand, pan

and total fractions. Huang (1966) calculated the % phosphate by



&

comparing the 2.788 ang. phosphate peak and the 2.455 ang. quartz peak of
spiked samples on an X-ray diffractometer (XRD), There are several
prob]ems with quantifying weight % from XRD data; first, all measurements
are only relative to the other peaks (this is partially rectified by
spiking each sample with a known quantity of phosphate), secondly, most
minerals occur in a solid state transition such that measurement of one
mineralogical peak may not detect 211 of mineral present, and thirdly
most of the phosphate in Charlotte Harbor is present as.coarse,sand to
silt and is not amenable to XRD quantification (XRD is most common on the
less than 2 micron size range). Huang (1966) also used XRD to estimate
the relative proportions of several clay minerals
(montmorillonite/kaolinite,
pa]ygorskite/ka]inite, and zeolite/kaolinite) and carbonate minerals
(doTomite/aragonite, and calcite/aragonite). These analyses use the same
methods of peak height comparisons and the above limitations also apply.
Total inorganic carbon (biogenic CaCOS) was measured in two ways;
Huang (1966) titrated‘acid-digested samples with EDTA (Turekian, 1956)
which measures total calcium, and Hine and Evans (198€) subtracted
acid-leached sample weight from total weight and/or used point counting

of sand sized particles to separate the quartz-carbonate components.
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Statistical Procedures

The primary data base for this study is the comprehensive study of
Huang (1966) which measured 18 different sedimentologic parameters over
215 stations. The statistical objectives are to group the 215 stations
into a few consistent depositional environments on the basis of the
variables, and to group the variables in order to infer process. Of the
18 variables measured by HUang, the 6 variable analyzing clay and
carbonate mineralogy were disregarded due to missing cases, infinity
ratios, and poor significance on initial analyses. |

The statistical brocedures used to accomplish these groupings are R
and Q mode factor analyses and a Q mode cluster analysis (k-means). R
mode analyses group variables on the basis of cases (stations) which can
then be used to infer processes. Q mode analyses group cases having
similar values on the variables which can be used to define depositional
environments.

Factor analysis is a generic term that describes a variety of
mathematical procedures applicable to the analysis of data matrices
(Klovan, 1975). When only two variables are present a factor can be
graphically represented by plotting variable 1 against variable 2. When
more than 3 variables are present, the factors cannot be graphically
represented and can only be mathematically described as a vector in
n-dimensional space (fhorndike, 1978). The cases or samples, represent
points in the n-dimensional space and the goal of factor analysis is to

describe the distribution of those points using fewer than the original
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n-dimensions. The factors or components are combinations of the
variables (R modg) or sampies (Q mode) that describe the distribution of
points in n-dimensional space. The factors have no physical meaning,
however process can often be inferred by the specific variables
comprising each factor and by mapping those areas where each factor is
most or least important.

A correlation matrix is the basic input for a factor analysis, The
Pearson Product-Moment procedure was used in both the R and Q mode
analyses. The Pearson éorre]ation procedure measures similarity between
entities on a scale of -1 to +1 using stardardized scores that have a
mean of 0 and a standard deviation of 1. Optimally, Q mode analyses
should use a cosine theta matrix to assess similarities because the
Pearson matrix standardizes across variables (Klovan, 1975).
Computationally, the two measures are the same except the standardization
which only results in subtracting some.arbitrary number (the mean of the
variables) from each observation.

A1l of the statistical procedures used in this study were computed
on an AT&T 6300 PC using the SYSTAT, Inc. statistical package. The
factor analysis procedure is a principal components method with a Pearson
correlation matrix, The computed factors were sorted and rotated using a
varimax technique (Thorndike, 1978). Output includes factor loadings,
factor scores, the initial correlation matrix (R mode only) and
eigenvalues. Due to the size of the Q mode analysis (215x215) this
analysis was done in two parts with considerable overlap (stations 1-150,
and stations 70-215). |

A k-means cluster analysis was also used to assess the similarity

between stations and verify the groupings established by the Q mode
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analysis. Cluster analyses are conceptually similar to factor analyses
in their use of n-dimensional space to describe the samples. Cluster
analysis uses some measure_of distance between samples to cluster the
samples into groups such that the inter-group distance is maximized and
the intra-group distance is minimized (Anderberg, 1973).

The non-hierarchial k-means technique begfns with a specified number
of clusters (m) which are esfab]ished from the first m samples. The
remaining n-m samples are sorted into the m clusters so as to minimize
the intra-cluster variance and the sequence is iterated 30-70 times
reassigning the samples before thé final clusters are arranged
(Anderberg, 1973). The technique reguires that the investigator specify
the number of clusters, but provides sUmmary statistics for each cluster

that may be statiétical]y validated.
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Results

The output from the R and Q mode statistical analyses are included
in the Appendix. The output includes: the eigenvalues (latent roots),
the component loadings and rotated lcadings (the relative importance of
each factor on each sample, as standard deviations), the factor score
coefficients and the initial correlation matrix and factor scores (R mode
only).

Three factors representing 3 sedimentologic end members account for
more than 99.2% of the total variance of the Q mode analysis. Factor 1
contributed more than 70% of that variance and loadings on this factor
were high at almost all stations which indicates the general homogeneity
of the sedimentary environments. Factor 2, which accounts for more than
26% of the total variance, has higher loadings than factor 1 at only 38
stations. Loadings on factar 3 exceeded 1 and 2 at only 3 stations.

Three depositional units and two sub-units have been derived from
the factor loadings; an estuarine/lagoon unit with  0.400 loadings on
factor 2, an inlet/channel unit with loadings 0.400 on factor 2, and a
fluvial/upper estuarine unit with loadings 0.400 on factor 3. The
sub-units are a tidal delta assemblage from the inlet/channel unit with
factor‘2 loadings  0.80C and a sandy lagoon unit with factor 1 1oadﬁngs
> 0.950. The distribution of the various units is presented in Fiqure 7
and summary statistics in Table 2. The summary statistics are from a
k-means cluster analysis with essentially ana]agous station groupings

although each unit may differ by a few stations.
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Table 2. Summary statistics for sedimentologic units and sub-units
calculated from the k-means cluster analysis.

Fluvial Estuar/ Sandy Inlet Tidal  Shell/  Muddy
Up/Est  Lagoon Lagoon Channel Delta Channel Channel
Unit Unit S-Unit Unit S-Unit  S-Unit S-Unit

%GRAVEL mean 5.49 0.67 0.09 7.73 7.31  28.36 4.12
min 0.00 0.00 0.00 0.00 1.04 10.89 0.00

max 18.86 7.54 0.95 48.60 16.02 48.60 20.18

std-dev 7.25 1.42 0.21 5.60 4.18 12.12 5.14

-%SAND mean 47.32 96.17 97.82 85.76 89.43 63.08 88.01
min 5.10 89.22 95.39 41.01 76.41 41.61 75.88

max 67.20 100.00 99.63 99.85 97.97 78.41 99.85

std-dev 19.85 2.91 1.18  6.89 5.73  12.31 6.51

SILT mean 28.75 2.41 1.55 4.84 2.63 6.33 5.74
min 11.72 0.00 0.28 0.00 0.00 0.00 0.00

max 57.23 7.76 3.59 32.67 11.08 17.98 16.18

std-dev 12.98 2.04 0.95 4.41 2.28 6.19 4.90

%CLAY  mean 11.77 0.83 0.53 1.62 0.63 2.23 2.04
min 2.74 0.00 0.00 0.00 0.00 0.00 0.00

max 28.83 3.96 1.54 10.54 2.54 9.77 9.63

std-dev 7.72 0.89 0.34 1.80 0.66 3.02 2.18

MEAN mean 4.12 2.82 2.95 2.10 1.59 0.37 2.69
GRAIN min 2.16 1.41 2.13 0.31 0.58 -0.84 1.15
SIZE max €.C3 3.84 3.84 4.68 2.69 1.83 3.84
(phi) std-dev 1.04 0.38 0.37 0.65 0.52 0.77 0.70
SORT mean 2.54 1.05 0.82 1.77 1.72 2.42 1.67
(phi) min 1.55 0.35 0.35 0.62 1.15 1.64 0.62
max 3.95 1.78 1.11 3.63 2.56 3.55 2.43

std-dev 0.73 0.26 0.15 0.42 0.37 0.67 0.40

%INORG  mean 22.82 .26 2.42 43.54 62.96 7.22 16.57
CARBON  min 2.88 0.37 0.37 1.09 40.29  81.23 1.09
max 48.77 12.54 8.97 93.87 87.45 93.87 33.30

std-dev 16.42 2.70 2.10 9.34 14.45 4.59 7.49

%0RG mean 1.91 0.46 0.30 0.79 0.75 1.10 0.75
CARBON  min 0.69 0.04 0.13 0.02 0.28 0.02 0.18
max 3.06 1.83 0.74 2.74 1.85 1.81 1.74

std-dev 0.67 0.32 0.13 0.45 0.46 0.60 0.42

%0RG mean 0.13 0.04 0.03 0.07 0.06 0.14 0.06
N min 0.07 0.01 0.01 0.01 0.02 0.04 0.01
max 0.25 0.13 0.09 0.57 0.10 0.57 0.15

std-dev 0.05 0.02 0.02 ———- 0.02 0.16 0.03
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The estuarine/lagoon unit is distributed throughout the Harbor
system and comprises 47% of all the stations. The samples are
predominately poorly sorted, finely skewed fine sand (2.82phi mean size;
1.05 std-dev.). Organic carbon and nitrogeﬁ are moderately low (0.46 and
0.04 %, resp.) and the phosphate averages 1.50%. The fluvial/upper
estuarine unit is found at the confluence of the Peace/Myakka Rivers and-
in San Carlos Bay. This unit is a very poorly sorted coarse silt (2.54
phi std-dev.; 4.12 phi mean size). Consequently, organic carbon and
nitrogen and phosphate are all high (1.91, 0.13 and 4.15 %, resp.).

The inlet/channel unit is found adjacent to the tidal passes with
most of the samples near Boca Grande Pass and San Carlos Bay (Figure 7).
Other samples are located in estuarine and lower fluvial areas and
probably associated with elevated currents (i.e., central Matlacha Pass
and the E1 Jobean bridge on the Myakka River). The sediments in this
unit are poorly sorted medium sands (2.00 and 1.65 phi, resp.) with 13%
shell gravel and 63% inorganic carbon (Table 2).

A tidal delta sub-unit within the inlet/channel unit is also
indicated on Figure 7 and Table 2. This sub-unit is located within the
central part of the inlet/channel distribution. The sediments of this
sub-unit have less gravel, more sand, and less sf1t-c1ay than the overall
inlet unit. The mean size is slightly coarser but still within the
medium sand range. Sorting is somewhat greater than the inlet unit but
still in the poorly sorted category. The sub-unit is thus similar, but
consistently different than the inlet unit. Likewise, a sandy
estuarine/lagoon sub-unit is described that has less mud, less
shell-gravel and more sand. The mean grain size is slightly finer than

the overall unit due to the Tower proportion of coarse shell material but
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the sub-unit represents a moderately sorted, homogeneous, fine sand,
which is located predominantly within central Pine Island Sound.

A preliminary hypothesis of this study was that the sedimentologic
data would reveal discrete spatial and environmental trends permitting
discrimination between geographic or physiographic entities (i.e.,
lagoon, upper estuary, etc.). The depositional units defined by Table 2
and Figure 7 represent sedimentologic end members. The specific
boundaries separating those units afe arbitrary, although well defined
both spatially and statistically. Cluster analyses were performed on the
data set to examine any spatial trends within the large estuarine/lagoon
and inlet/channel units. The output from the 8 cluster analysis is
included in the Appendix, and the results summarized in Figure 8.

Comparison of Figures 7 and 8 shows that the inlet unit of Figure 7
has been subdivided into 3 sub-units in Figure 8 (clusters 1, 2 and 4).
These 3 sub-units have significantly different values of sand,
gravel/inorganic carbon, and silt/clay. Thus the inlet unit may be
subdivided along the same 3-way continuum as the entire estuarine system.
The estuarine unit of Figure 7 has been subdivided into two sub-units in
Figure 8. This unit which has overall 1ow values of gravel and inorganic
carbon (0.67 and 3.26%, resp.; Table 2) is subdivided into muddy and
sandy sub-units with most of the sandy samples located in Pine Island
Sound and along the shoals and shorelines of the Harbor (Figure 8; Tabie
2). The sub-units defined from the factor analysis (Figure 7; tidal
delta and sandy lagoon) are almost exactly analogous to those of the
cluster analysis (clusters 2 and 7, resp.).

The processes responsﬁb]e for the distribution of sedimentary units

or environments are examined in the R mode factor analysis (Appendix).

31



) . \ 2 - . .
My W I S S B I S W S N e
: . 2 e s = > - —

! - - "

-

25" 18 . o8’ 82°00°

27°00 \(

50 50

"CLUSTER
Fd1 INLET/CHANNEL
- EA2 INLET/CHANNEL

] 53 FLUVIAL/UPPER
ESTUARINE

[£34 iNnLET/CHANNEL

5 FLUVIAL/UPPER
ESTUARINE

6 ESTUARINE/LAGOON

26°310°

| EAA7 ESTUARINE/LAGOON

88
Vq = K-MEANS CLUSTER ANALYSIS b it
N o ' G ’
E “} " | DISTRIBUTION OF SEDIMENTOLOGIC SUBUNITS 3{
I T iy
L R 1 o

Figure 8. Distribution of sedimentologic units and sub-units derived from
k-means cluster analysis using the data of Huang (1966).

0 o 3 - Jeo

32

127r%00"



S e Em 2N N
= - _ o ]

R ) _ : N N
Y I ER E T P E

\

The rotated component loadings from that analysis are presented as Table
3. Four factors account for 83.7% of the total variance with factor 1
accounting for 37.2%, factor 2- 24.5%, factor 3 -12.9% and factor 4-
9.1%. Examination of thevrotated loadings in Table 3 indicates that
silt, clay, organic carbon/nitrogen, standard deviation (sorting), and
sand (negative) are all high ( >0.500) on factor 1. Likewise, gravel
(-), inorganic carbon (-), standard deviation (-), and mean grain size
have high loadings on factor 2. Skewness (-), and kurtosis (-) have high
loadings on factor 3 and only phosphate is high on factor 4.

Figures 9-12 show the spatial distribution of the factor scores that
are < -1, and > +1 for each of the factors. These scores are standard
deviations from the theoretical factor means, consequently only those
scores greater than 1 are significantly different than the mean for that
factor. The process modeled by factor 1 is enhanced af areas with
positive factor scores and decreased in areas with necative scores. When
the variables have significant negative loadings, the factor is strongest
in areas with large negative factor scores and vice versa.

The distribution of high and low factor 1 scores is presented in
Figure 9. This factor is enhanced in the upper Harbor at the confluence
of the Peace and Myakka Rivers and in San Carlos Bay with large negative
values in the lower Harbor. The distribution of factor 2 scores is very
similar to those of factor 1 With large negative deviations in the lower
Harbor and San Carlos Pass/lower Pine Island Sound, and large positivev
values in.the upper Harbor and San Carlos Bay (Figure 10). While the
distributions look similar, the effect of the processses are reversed

because factor 2 loadings are negative on most of the variables (Table
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from factor means derived from R mode factor analysis.
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3). Therefore, areas of high negative factor 2 scores are dominated by
process 2 with respect to processes 1, 3 and 4,

Factor 3 scores show large positive values in the lower Harbor, San
Carlos Pass and areas adjécent to the tidal inlets. Large negative
values are distributed throughout the lagoons and the estuarine portions
of the Peace and Myakka Rivers. Factor 3 loadings have large negative
values on the skewness and kurtosis variables so that positive factor
scores indicate sediments that are coarsely skewed and p]afykurtic.
Negative factor scores at the river mbuths and lagoons reflect finely
skewed 1éptokurtic sediments, and consequently, some process that

selectively deposits fine grained, strongly unimodal sediments. The

factor 4 scores show large positive values in the upper and lower Harbor

and large negative values adjacent to the high values and intermittently
throughout the system. Factor 4 loadings are high (.902) only on the %
phosphate. Factcors with high loadings on only one variable cannot be
used to infer process, bﬂt simply indicate the distributior of that
variable (Klovan, 197%).

The recent sedimentological data of Pierce et al (1982) and Estevez
(1986) was analyzed with a Q mode factor analysis using the following
variables: median grain size, mean grain size, standard deviation,
skewness, kurtosis and % silt/clay. Three factors or sedimentologic end
members accounted for 98.4% of the total variance. The rotated loadings
are included in the Appendix, the end member distributions in Figure 13
and the summary statistics in Table 4. The sedimentologic units defined
from the loadings have different cutpoints than those of the Huang

analysis, although the composition of the end members is the same.
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Table 3. Rotated R mode factor loadings and communality (h2) for data of
Huang (1966). Factor loadings indicate proportion of variance
of each factor accounted for by each variable. Communality
indicates proportion of variance of each variable accounted for
by factors.

FACTOR NUMBER

b

’-

- W o

~
—J Ur

1 2 3 4 h?
silt 0.939 0.112 0.049 0.123 0.91
clay 0.921 0.115 0.045 0.116 0.88
sand -0.880 0.367 -0.132 -0.082 0.93
org C 0.833 -0.101 0.058 0.215 0.75
sorting 0.711 -0.522 0.227 0.140 0.85
org N 0.519 -0.377 -0.219 0.375 0.60
grave] 0.179 -0.885 0.174 -0.037 0.85
mean grn sz 0.472 0.839 -0.118 0.022 0.94
CaC0, 0. 207 -0.829 0.184 -0.083 0.77
skewness 0.045 0.140 0.184 -0.083 0.77
Kurtosis -0.348 0.369 -0.699 -0.180 0.78
phosphate 0.265 -0.139 0.132 0.902 0.92
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Table 4.

MEDIAN
(phi)

MEAN GRAIN
SIZE

(phi)
SORTING
(phi)

SKEWNESS

KURTOSTS

SILT/CLAY
(percent)

Summary statistics for data from Pierce et al., 1982; and

Estevez,

mean
min
max
std-dey

mean
min

max
std-dev

mean
min

max
std-dev

mean
min
max
std-dev

mean
min

max
std-dev

mean
min

max
std-dev

Fluvial/Upper Est. Estuarine/Laqg. Inlet/Chan.
2.75 2.44 1.13
"1.78 1.47 0.10
3.97 3.16 2.32
0.40 0.40 0.86
2.68 2.45 0.96
1.90 1.48 0.45
3.17 3.09 1.80
0.32 0.41 0.59
1.02 0.71 1.65
0.61 0.53 1.32
2.38 1.03 1.92
0.41 0.13 0.19
-0.06 0.01 -0.11
-0.73 -0.28 -0.40
0.24 0.27 0.34
0.20 0.13 0.25
1.10 1.11 0.79
0.59 0.74 0.64
1.98 1.85 1.28
0.27 0.26 0.20
9.02 1.06 1.56
2.55 0.29 0.23
49,85 2.20 3.68
11.12 0.59 1.21
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Distribution of sedimentologic units derived from Q mode
factor analysis using the data from Pierce et al (1982) and
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Unit 1 (estuarine/lagoon) has factor 1 loadings 0.800. Unit 2
(fluvial/upper estuarine) has factor 2 values 0.700 and unit 3
(inlet/channel) has factor 3 values 0.400. Compositionally, the units
reflect the same end members as the Huang data such that the
estuarine/lagoon unit is a moderately sorted fine sand with 1.06%
silt/clay. The fluvial/upper estuarine unit is a poorly sorted slightly
finer sand with 9.02% silt/clay. The inlet/channel unit is a poorly
sorted coarse sand with 1.56% silt/clay (Table 4).

The pattern of distribution of the sedimentologic units is also
similar to that produced from the Huang data. However comparison of
Figures 7 and 13 shows significant differences. The inlet/channel unit
of the recent data is reduced to 8 stations with most of those directly
in or adjacent to the inlets. In Figure 7, this unit covers most of the
1owef Harbor, San Carlos Pass and southern Pine island Sound. This
difference in coverage is probably due to differences in the variables of
each data set which are the basis for determining the makeup of the
units. Percent gravel and inorganic carbon are the primary diagnostic
variables of the in]et/channe1 unit (Table 2} and are not analyzed in the
recent data set.

The fluvial/upper estuarine unit of Figure 13 is more widespread
than that of Figure 7. This is due ir part to more samples in the
upstream areas, but may also reflect increased fine grained deposition
énd changes in variables measured (organic carbon/nitrogen). Changes in
the distribution of the estuarine/lagoon unit are related to the above
changes i.e., an increase in the lower Harbor, and a decrease in the

upper Harbor and lagoons. The boundaries between these sedimentologic
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end members are arbitrary as are those of Figure 7. Most of the
differences between the 1960's distribution in Figure 7 and 1980's
distribution in Figure 13 may be attributed to the use of different
variables. However the problem of increased depositibn of fine grained
sediments needs further analysis.

The results of both of the Q mode factor analyses indicates that 3
distinct sedimentologic end members and the resulting gradations
constitute the depositional environments of the Charlotte Harbor system.
These members are: a sandy muddy "fluvial/upper estuarine" unit located
in the upper Harbor and San Carlos Bay; a shelley sand "inlet/channel"
unit adjacent to the tidal inlets in the lower Harbor and San Carlos
Pass/lower Pine Island Sound; and a slightly shelley, muddy sand
"estuarine/lagoon" unit comprising the lagoons and upper Harbor areas.

The results of the R mode analysis indicates that 83.2% of the
variance of 12 sedimentologic variables (% gravel, % sand, % silt, %
clay, mean gréin size, standard deviation, skewness, kurtosis, % organic
carbon, % organic nitrogen, % inorganic carbon and % phosphate) is
accounted for by 4 factors. Silt, clay, organic carbon/nitrogen,
standard deviation and sand (-)are the variables dominating the variance

of factor 1. Factor 2 is a composite of standard deviation (-), gravel

(=), inorganic carbon (-) and mean grain size. Skewness (-) and kurtosis

(-) dominate the variance of factor 3 and phosphate is the only variable

with a high loading on factor 4.
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DISCUSSION

The processes controlling sediment deposition in estuarine systems
are: waves, tidal currents, freshwater discharge and mixing, sediment
supply (including composition and availability), and biologic
productivity and sediment reworking (Guilcher, 1967; Postma, 1967). It
is the interaction of those processes which produces the sedimentologic
environments and controls their distribution in Charlotte Harbor. The R
mode factor analysis indicates that 4 factors produce 83% of
sedimentologic variation. Three processes may be inferred from those
factors by synthesizing the measured variables that comprise each of
those factors and the areas where each of those factors is strongest and
weakest (Figures 9-12).

Factor 1 which has high loadings on the parameters cf fine grained
deposition (silt, clay, organic C/N and sorting) models a process that is
most active in the upper estuarine areas where the Peace/Myakka Rivers
discharge into Chariotte Harbor and the Caloosahatchee into San Carlos
Bay. These areas do not represent the estuarine turbidity maxima which

occur at the initial saltwater-freshwater mixing zone (Postma, 1967;

A Meade, 1972). This mixing zone which is the area of maximum fine grained

deposition norma]iy occurs well upstream of the upper Harbor (Stoker,

1985).

The fine grained sediments of Charlotte Harbor are composed of

| inorganic clay minerals and organically produced detritus. Fine grained

organics will accumulate in any biologically productive, quiescent area
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(i.e., sheltered areas of Pine Island or Gasparilla Sounds) which all
possess moderate or average factor 1 scores. It should also be noted
that factor 1 accounts for 37% of the total variance (R mode;

see Appendix). Thus the process modeled by factor 1 is the single
largest control of sediments in the system, it acts primarily on mud
sized particles (0.0625 mm) and it is enhanced where the rivers discharge
into their respective embayments. Using these criteria, factor 1

apparently models the pattern of residual, low velocity currents

" established throughout the estuarine system.

These currents which are under investigation by the U.S. Geological
Survey, Tampa Sub-district (Goodwin, pers. comm.) act to homogenize the
distribution of mud sized particles throughout the system and are not
competent to transport sand sized particles. Increased amounts of mud in
the upper estuarine areas is due to the interaction of the currents with
increased sediment supply from the rivers. It is significanf to note
that thefe are very few areas of decreased factor 1 scores (Figure 9)
relative to the area of inlet/channel deposition (Figure 7). The
combined silt/clay % from the inlet/channel units and sub-units (Table 2)
show mean mud concentrations from 5-8%. These areas which are dominated
by strong tidal currents apparently accumulate some fine grained
sediments during slack tides that are not removed during the subsequent
period of high velocity currents.

Factor 2 (Figure 10) accounts for 24.5% of the total variance with
high Toadings on standard deviation (-), gravel (-), inorganic carbon

(-), and mean grain size. These variables are all related to the

distribution of coarse particles, primarily as shell-gravel. Standard

deviation or sorting is significant on both factor 1 and 2 which
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illustrates that sorting anomolies can occur from high proportions of
either fine or coarse particles.

The distribution of high negative factor 2 scores occurs in the
tidal inlets and channelized portions of the lower Harbor, southern Pine
Island Sound and San Carlos Bay. The co-occurrence of the predominantly
negative loadings and negative factor scores indicate that factor 2
models deposition controlled by accelerated tidal currents. Comparison
of the distribution of the factor 2 scores (Figure 10) and the
inlet/channel unit of Figure 7 shows very good correlation. Comparison
of those distributions with the bathymetric map (Figure 2) shows that the
process and depositional environment correspond to the deep channels.

The residual currents identified as factor 1 and the channelized,
accelerated tidal currents identified as factor 2 are end members of the
continuum of hydraulic processes in the estuarine system. They cannot be
isolated from the overall pattern of hydraulic transport in the Harbor,
Sedimentologically however, they control different ranges of the particle
size distributions and operate most‘effectively in different parts of the
estuarine system.

Factor 3 has high negative loadings on skewness and kurtosis. Both
variables are related to the size frequency distribution of the sediment
samples. Skewness is a measure of the asymmetry of the distribution and
kurtosis is the ratio of sorting in tails (fine and coarse end members)
to the sorting in the central portion of the distribution. The spatial
plots of the factor 3 scores (Figure 11) shows that sediments adjacent to
the inlets are coarsely skewed and platykurtic. The platykurtic nature
of these sediments indicates good sorting in the tails and/or a bi-model

sediment distribution (Folk, 1980). The combination of high
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cohcentrations of shell gravel and relatively hfgh silt/clay (table 2)
suggests that a bi-model distribution is prevalent.

The high negative factor 3 scores (Figure 11) indicate finely
skewed, leptokurtic sediments throughout Pine Island/Gasparilla Sounds,
the upper harbor, amd Towermost Peace River. These values indicate the

sediments are skewed to the fine grain sizes and that the tails are

poorly sorted relative to the central portion of the samples. The above

parameters do not allow any'specific process to be assigned to factor 3
although possibilities are the effects of waves along shoals and
shorelines, the proportion o% hydraulically transported vs. in situ
growth of mollusc shells or intermittant high energy events (e.g. floods,
storms, etc.).

Factor 4 which has high loadings only on the % phosphate cannot be
used to infer process and illustrates only the distribution and
importance of the phosphate variable (9.10% of the total variance).
Additionally, because Huang (1966) used the 2 micron size range in the
XRD phosphate analysis, this variable ignores the siltvto sand sized
phosphate which constitutes a major portion of the sedimentary phosphorus
(Grace, 1977).

Grace (1977) showed that most of the fine, mud sized phosphorus was
located in the estuarine portion of the Peace River and probably
associated with aperiodic clay slime spills from upstream phosphate
processing plants. The distribution of high factor 4 scores (Figure 12)
indicates concentrations of high phosphate in the lower Peace River,
upper Harbor and within the deep tidal channels of the lower Harbor. If

the Peace River is the source of the phosphate, as opposed to exposure of
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underlying phosphate-rich deposits, this indicates that the deep tidal
channels are an area of accumulation for these clay sized sediments.

Two stratigraphic cross sections (Figures 14 and 15) created from
the vibracore data of Hine and Evans (1986) illustrate the 3-dimensional
distribution of sedimentologic units (table 2). Four stratigraphic units
are recognized (relative to 3 sedimentologic units) in the series of
cores extending from the Peace River to Pine Island Sound (Figure 14).
These units are: 1) fluvial/upper estuarine unit of sand-mud interbeds,
2) a lower estuarine bioturbated muddy sand, 3) an esuarine channel
unit of shelley sand, and 4) a lagoon-flood tidal delta unit of fining
upwards, shelley to muddy sands.

The estuarine/lagoor sedimentologic unit (Figure 7; Table 2) is
subdivided into lagoorn and estuarine members that are sedimentologically
similar but stratigraphically distinct. Fiqure 15 is an E-W cross
section across Pine Island Sound. The lagoon-FTD unit consists of
repetitive fining upwards sequences that culminate in slightly shelley,
muddy sands which are essentially analacous to the Tower estuarine muddy
sands. The variable repetitive deposition in the lagoons is due to the

development and migration of flood tidal deltas. The lateral

‘distribution of these sedimentologically variable, fining upwards

sequences throughout the lagoons precludes deposition of some single
sediment type specific to the lagoon environment.

Using similar reasoning, the fluvial/upper estuarine sediment unit
which is restricted to 4 samples in the upper Harbor (and 5 samples in
San Carlos Bay) is composed of the mud end membef of the sand-mud
interbeds of the fluvial/upper estuarine stratigraphic unit.

Consequently, the lateral distribution of fluvially derived or controlled
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deposits is probably much more widespread than what is indicated by the
mud end member alone.

Estevez (1986) concluded that the distribution of benthic infauna
followed hydrographic trends and sediment type was relatively
unimportant. However, he also concluded that the poiychaete and
crustacean assemblages were widely dispersed throughout the estuary and
that "Overall, communities of the system are combinations of a broadly
dispersed fauna rather than separate or coherent groups." These
conclusions are the same as those of this study which show that |
sedimentologic variables and hydraulic processes inferred from them are
present as a gradual continuum throughout the estuarine system.

The hydrographic variables measured by Estevez (e.g. temperature,
salinity and dissolved oxygen) are directly controlled by hydraulic
processes as are the sedimentologic variables. Direct correlations
between benthic populations and sedimentologic variables should be

difficult to detect because benthic fauna respond to short term

hydrographic variations while sediments accumulate over a period of years

and/or are homogenized by the burrowing and feeding of benthic fauna.

Radiccarbon dates on 5 vibracores have been obtained by Pierce et al

(1982). Sedimentation rates calculated from those dated samples range
from 1.43 to 11.76 cm/100 years and average 5.95 ¢m/100 years. Historic

alterations in the depositional regime between the sampling period of

Huang (1966) and Pierce et al (1982) and Estevez {1986) are difficult to

quantify because of the overall slow sedimentation rate and

homogenization by benthos.

Most of the differences in the distribution patterns between Figures

7 and 13 are attributed to problems of facies quantification and the lack

51



- .

- em - W aE .
N ', 4

- T o h s =
) ) ! ) 4

- N Wl

4

of consistency between the old and new data sets. This could be
partially rectified by re-analyzing the Huang (1966) data using only
those variables available in the later data sets. However the uniform
distribution of Huang's sample stations is not duplicated by the later
studies which are based upon a fewer number of samples and selective
sampling of the range of estuarine environments.

The net result of the slow deposition rates and faunal reworking is
that sedimentary environments will change slowly. For example, if the
sediment partic]és accumulating in an area change from sand sized to mud
sized, reworking will homogenzie the mud particles intb the upper 10-20
cm of the sediment column so that there is little net change in the unit.
The Eonverse side of this problem is that old data such as that of Huang
(1966) may still be considered a reliable indicator of sedimentologic
environments.

This study has defined 3 sedimentologic units and 4 sub-units that
are apparently contrclled by the interaction of two primary hydraulic
processes; residual currents which cperate throughout the estuarine
system and dominate fine grained deposition, and accelerated tidal
currents which are localized near the inlets and control coarse
shell-gravel deposition. These interpretations are based upon R and ¢
mode factor analyses which quantifative]y describe the relationships
between sedimentologic variables and sample stations. Predictive
quantification of those relationships requires a multi-variate regression
between the dependent sedimentologic variables and the independent
hydraulic processes. O0ngoing work by the Geological Survey may provide
the quantitative hydraulic data necessary to validate the interpretations

of this study.
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the quantitative hydraulic data necessary to validate the interpretations

of this study.

CONCLUSIONS

This study defines and delineates the sedimentary environments of
the Charlotte Harbor estuarine system by meeting the following
objectives:

1) to assemble and summarize previous studies containing

sedimentologic data,

2) to re-analyze that data in order to delineate sedimentary
environments and define ‘the controliling depositional
processes,

3) to integrate newer, more limited data sets with the
older, comprehensive data of Huang (1966),

4) present the sedimentologic data in an understandable
format for resource planners and managers with non-geologic
backgrounds.

With respect to objective 1, there are relatively few studies
dealing with the sedimentology of Charlotte Harbor (Huang, 1966; Grace,
1977; Pierce et al, 1982; Hine and Evans, 1986; and Estevez, 1986). Of
these, only Huang (1966; published as Huang and Goodell, 1967) deals with
surface sedimentology of the entire estuarine system

Q mode factor analysis and k-means cluster analyses defined 3
sedimentologic units and 4 sub-units from the Huang data set. A

fluvial/upper estuarine unit (4% of all samples) is a very poorly sorted
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coarse silt with high concentrations of organic C/N and phosphorus (1.91,
0.13 and 4.15 %, resp.). This unit occurs only at the confluence of the

Myakka and Peace Rivers and in San Carlos Bay. The estuarine/lagoon unit

which is found predominantly throughout the upper Harbor and lagoons (47%
of all samples) is a poorly sorted fine sand with moderately low values
of organic C/N and phosphorus (0.46, 0.04 and 1.50%, resp.).

The inlet/channel unit which occurs at 49% of all stations is

located adjacent to the tidal passes with most of the samples in the
lower Harbor near Boca Grande Pass and in San Carlos Pass/southern Pine
Island Sound. The sediments in this unit are poorly sorted fine sand
with 7.73% shell-gravel and 43.54% carbonate. Orgeanic C/N and phosphorus
are all low with values of 0.79, 0.07 and 1.76 %, resp. Sub-units within
the inlet/channel unit are composed of predominantly sandy, shelley and
muddy members. SUb-units within the estuarine/lagoon are composed of
sandy and muddy members with consistently low proportions of
she]i-grave].

The R mode factor analysis indicated that 4 factors account for
83.7% of the variance between the 12 measured variables. Factor 1
accounts for 37.2% of the variance and has high Toadings on silt, ¢lay,
organic C and N, standard deviation and sand (-). This factor is
interpreted as mbde]ing the residual currents that homogenize fine
grained deposition in that area due to increased suspended load
concentrations in the Rivers.

Factor 2 loadings are high on gravel (-), inorganic carbon (-),
standard deviation (-), and mean grain size. These variables reflect

control of coarse grained sediments and scores are highest adjacent to

“the inlets. This factor models depositional control by accelerated tidal
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currents. Factor 3 is dominated by the skewness and kurtosis variables,
but there is insufficient data for interpretation of a depositional
process. Factor 4 has a high loading only on the % phosphate and
reflects the distribution'of that variable. The phosphate concentrations
are highest in the upper estuary in the fluvial/upper estuarine unit and
in the lower Harbor associated with fn]et/channe] deposits.

Comparison of old (mid-1960's) data with recent sedimentological
data (1980's) has not shown any quantifiable differences in
sedimentologic environments, although areal expansion of fine grained
fluvial/upper estuarine deposition needs further analysis. The most
important aspect of that comparison is that the mid-1960's data of Huang
(1966) may be applicable to the existing surficial debosits due to slow
deposition rates (5.95 cm/100 years). '

The genera11y homogeneous deposits of the Charlotte Harbor system
exist as a continuum between the 3 depositional components; shell-gravel,
quartz sand, and inorganic clay/oraganic detritus mud. Distribution of
the sedimentologic end members is controlled by a continuum of process.
The two identified end member processes are residual circulation and
accelerated tidal currents. Additional processes inherent to estuaries
such as waves and estuarine mixing are either contained within the
effects of residual currents or act as random variation in the control of

depositional properties.
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K-means Cluster Analysis (216 samples: Huang data)
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